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FILLED COMPOSITE 

Priority and Cross-Reference Claim 
5 This application claims priority to U.S. Provisional Application No. 60/533,348, 

filed December 30, 2003. 

Field of Invention 

The present invention relates to a filled thermoplastic resin composite. 

10 

Background 

It is well known to incorporate fillers into thermoplastic resin compositions to 
adjust the physical properties of the resultant compositions (often referred to as 
"composites" or "filled composites") such as reduce the density thereof, or reduce cost by 

15 reducing the proportion of relatively expensive resin with cheaper materials. Examples of 
known fillers include solid particulates such as titanium dioxide, glass, etc. It has also 
been known to use hollow particles such as hollow glass bubbles. Although glass bubbles 
have often been used to successfiiUy reduce density of the final composite, in many cases 
the glass bubbles are crushed during manipulation of the composite, thereby impairing the 

20 desired reduction in density. Also, resin composites containing glass bubbles have often 
exhibited undesirable loss of desired physical properties such as tensile strength. It is well 
known that adding non-reinforcing fillers to polymers will result in a decrease in the 
mechanical strength (tensile, impact, etc.) of that polymer composition. Non-reinforcing 
fillers can be defined as any particle with an aspect ratio (length over diameter) less than 2. 

25 It is assumed that the loss in mechanical strength is due primarily to the filler causing a 
dismption of the polymer chains and also due to the inefficient bonding between the 
polymer and the filler; where the bond strength is assumed to be less than the tensile 
strength of the polymer chains themselves. 

Illustrative examples of filled resin composites are disclosed in U.S. Patent No. 

30 3,769,126 (Kolek), 4,243,575 (Myers et al.), 4,923,520 (Anzai et al.), and 5,695,851 
(Watanabe et al.) and EP Application No. 1,142,685 (Akesson). 
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Summary of Invention 

The present invention provides a filled thermoplastic resin composite. Composites 
of the invention provide a surprising combination of tensile strength and reduced weight. 
The improved properties provided by composites of the invention enables use of filled 
5 thermoplastic resin composites in product applications not otherwise possible. 

Li brief summary, in a typical embodiment a composite of the invention comprises 
a thermoplastic olefin, e.g., polypropylene, polyethylene, polybutylene, polystyrene, and 
copolymers thereof, containing maleic anhydride and glass bubbles. Preferably the glass 
bubbles have been treated with at least one of a silane coupling agent or titanate coupling 
10 agent, e.g., aminosilanes such as aminopropyltriethoxysilane ("APS") or N-2- 

(aminoethyl)-3 -amino propyltrimethoxysilane, prior to incorporation into the composite. 

Typically the glass bubbles should exhibit a crush strength of at least 3,000 PSI to 
withstand many extrusion operations. In some embodiments, they will preferably exhibit a 
crush strength of at least 18,000 PSI to withstand injection molding as well as extrusion 
1 5 operations. The strength of the glass bubbles is typically measured using ASTM D3 102- 
72; "Hydrostatic Collapse Strength of Hollow Glass Microspheres". 

The present invention may be used with commercially available glass bubble fillers 
for use in resin composites. Preferably, the bubbles are of the high strength variety such as 
Scotchlite'*''^ Glass Bubbles S60HS which are soda-lime-borosilicate glass. These bubbles 
20 exhibit an isostatic crush strength of 18,000 psi, density of 0.60 g/cc, and average diameter 
of about 30 microns. 

Articles can be made with composites of the invention by injection molding, 
extrusion, and other known methods for forming articles firom thermoplastic polymers. 



25 Examples 

The invention will be further explained by the following illustrative examples 
which are intended to be non-limiting. Unless otherwise indicated, all amounts are 
expressed in parts by weight. 

Unless otherwise indicated, the following preparation and test methods were used. 

30 



2 



wo 2005/066262 



PCT/US2004/043827 



Test Methods 
Tensile Modulus 

Tensile Modulus was determined following ASTM Test Method D-638 and is reported in 
5 Mpa. 

Ultimate Tensile Modulus 

Ultimate Tensile Modulus was determined following ASTM Test Method D-638 and is 
reported in Mpa. 

10 

Flexural Modulus 

Flexural Modulus was determined following ASTM Test Method D-790 and is reported in 
Mpa. 

1 5 Ultimate Flexural Strength 

Ultimate Flexural Strength was determined following ASTM Test Method D-790 and is 
reported in Mpa. 

Elongation at Break 

20 Elongation at Break was determined following ASTM Test Method D-638 and is reported 
as %. 

Notched Izod Impact Strength 

Notched Izod Impact Strength was determined following ASTM Test Method D-256 and 
25 is reported in J/cm. 

Density 

A fully automated gas displacement pycnometer obtained under the trade 
designation "ACCUPYC 1330 PYCNOMETER" from Micromeritics, Norcross, Georgia, 
30 was used to determine the density of the injection molded composite material according to 
ASTM D-2840-69, "Average True Particle Density of Hollow Microspheres". 
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Silane Treatment of Glass Bubbles 

A Ross Mixer (available from Charles Ross & Son Company 
Hauppauge, NY) was charged with a solution of N-2-(aminoethyl)-3 -amino 
5 propyltrimethoxysilane (1500 g; 0.5% by wt; available from Osi Specialties, Albany, NY 
under the trade designation "A1120"). Glass Bubbles (Available from 3M Company, St. 
Paul, MN under the trade designation "S60HS") were slowly added under medium mix 
speed, and the mixture was allowed to mix for 15 minutes. The ensuing paste was poured 
into aluminum pans and dried ovemight in a forced air oven at 80^C. . The dried glass 
10 bubbles were screened through a 1 80 micron screen to remove any clumps. 

Compounding and Molding of Polypropylene Composites 

A twin screw extruder (Berstorff Ultra Glide; screw diameter 25mm; length to 
diameter ratio was 36:1; screw speed ranged from 200-250 rpm; temperature set points 

15 ranged from 200°F-575''F (93°C-302*'C), while the actual values range from 148°F-575°F 
(64''C-302''C); throughput was 10 lbs/hr(4.5 Kg/hr)) equipped with side feeders for glass 
bubbles, and pelletizer accessories was charged with polypropylene (available from 
AtoFina, under the trade designation 'TINA 3825"; melt index 30g/10m at 230''C, Tm of 
165 °C, and a density of 0.905 g/cm^) and maleic anhydride (from Crompton Corporation, 

20 Middlebury, CT, under the trade Designation "POLYBOND 3200"). Test samples were 

molded on an injection molding machine (150 ton Engel Injection Molding Machine; with 
an ASTM four cavity mold) with a screw diameter of 30 mm and injection pressure 
maintained below 18,000 psi (124 MPa). 

25 



4 



wo 2005/066262 

Table 1 . Mechanical Properties 



PCT/US2004/043827 





Example 




1 


2 


3 


4 


"Al 120" treatment 


No 


No 


No 


yes 


"FINA 3825" wt% 


100 


80 


78 


78 


"POLYBOND 3200" wt % 






2 


2 


"S60HS" wt % 




20 


20 


20 


Mechanical Properties 










Density (g/cc) 


0.9 


0.8 


0.8 


0.8 


UltimateTensile Strength 
(Mpa) 


29.2 


15.6 


24.3 


29.5 


Flex Modulus (Mpa) 


1581 


2264 


2381 


2444 


Ultimate Flex Strength (Mpa) 


47.7 


34.8 


54.5 


58.5 


Elongation at Break (%) 




4.7 


4.0 


5.9 


Notched Izod Impact Strength 
(J/cm) 


7.8 


1.4 


2.6 


2.7 



— means none added or not measured 
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